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IMPLANTABLE PREPARATIONS FOR
REGENERATION OF TISSUES AND
TREATMENT OF WOUNDS, THEIR
METHOD OF PREPARATION, AND

METHOD OF TREATMENT OF PATIENTS
WITH SAID IMPLANTABLE PREPARATIONS

FIELD OF THE INVENTION

Implantable preparations for regeneration of tissues and
treatment of wounds, their method of preparation, and
method of treatment of patients with said implantable prepa-
rations

The present invention relates to new preparations which
can be administered to animals and humans, imncluding for
regeneration of tissues and treatment of wounds.

It also relates to a method of manufacturing these prepa-
rations from blood, including from autologous blood for
humans.

It also relates to a method of treatment of anmimals and
humans by administering these preparations.

BACKGROUND OF THE INVENTION

In the field of regenerative medicine, either for therapeutic
purposes or for plastic surgery, including skin wrinkles
treatment, the principle of in situ administration of cell
growth factors, mainly platelets or platelet derived growth
factors 1s now of use.

It was already suggested to add such factors to tissue
filling or augmentation or regeneration or wound healing
implantable preparations, such as hyaluronic acid prepara-
tions, collagen preparations, globin and other organic mate-
rial preparations, ceramics, and synthetic polymers, includ-
ing polylactide and polylactide glycolide polymers.

The U.S. Pat. No. 6,949,625 discloses an implantable,
including injectable tissue filling, augmentation and healing
preparation comprising globin being insoluble at physiologi-
cal pH, preferably homologous, and more preferably autolo-
gous globin, which preparations can optionally comprise
healing products or cell growth products, or cells.

The U.S. Pat. No. 7,709,017 discloses preparations which
are obtainable from soluble globin or globin denivatives, and
which can optionally comprise healing products or BMP
type growth factors.

The US patent application 20090312239 discloses prepa-
rations ol globin being insoluble at physiological pH, which
can comprise adhesive, filling, augmentation or healing
agents.

The US patent application 201201833501 discloses a new
healing method comprising the step of administering to the
patient, 1n need thereol, a preparation of globin being
insoluble at physiological pH, which preparation may fur-
ther comprise platelets, or PDGF type growth factors
derived from the platelets of platelet rich plasma (PRP), or
recombinant products, or cell growth factors (EGFE,
FGE, .. . ).

In these preparations, the globin component, being
insoluble at physiological pH, was prepared by methods
such as separating erythrocytes from the whole blood,
inducing the hemolysis of the erythrocytes and submitting
the hemoglobin to a heme separation step, the erythrocytes
being obtained, for example from blood transiusion
pouches, or being separated from a donor blood sample,
preferably from the patient.

The US patent application 20090074736 discloses a

preparation of globin being insoluble at physiological pH,
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obtained by submitting the whole blood comprising the
erythrocytes and the plasma to a depigmentation step 1n a
medium, such as an acetone contaimng medium, that
extracts or dissolves the heme but leaves, 1 a substantially
undissolved state, the globin and the other constituents of
proteinic nature submitted to its action, including albumin,
alpha- beta- and gamma-globulins, but also blood clotting
factors, as well as the platelet factors 1n the embodiment
where the platelets were not initially separated from the
blood for further addition to the globin preparation. Accord-
ing to the application 20090074736, all the blood proteins,
the platelets and other cells, are submitted to the acetone
process which may induce some denaturation of particular
proteins and cannot guarantee that they will keep their
original structure in the final preparation.

The state of the art 1n using blood components for tissue
regeneration 1s well summarized 1n a recent paper published
by Jun Araki et al: 2012, A copy of the full introduction
of this paper, with the included scientific references 1s here
below reproduced:

““The preparation of platelet-rich plasma (PRP) was
originally developed as a method to divide red blood cells
(RBCs) and plasma from whole blood (WB) in blood
transfusion hematology®. PRP was first used for hemostasis
during surgical operations and platelet transfusions for some
thrombocytopenic disorders®®’. It was revealed through a
number of studies that various bioactive substances includ-
ing platelet-derived growth factor (PDGF), transforming
growth factor-beta (T'GF-b) and epidermal growth factor
(EGF), were discharged from the alpha granules of platelets
into plasma when platelets were destroyed and activated ™.
These growth factors are contained 1n wound exudates from
injured subcutaneous tissue and are important in the early
phase of the wound healing process'®. Specifically, they
promote stromal stem cell proliferation and angiogenesis
and are regarded as key signals 1n tissue repair/
regeneration” ™.

Autologous PRP has less safety concerns than cell-based
regenerative therapies. As such, PRP 1s an 1ssue of extensive
resecarch for tissue engineering and regenerative
medicine''°'". PRP has been therapeutically used to accel-
cerate wound healing and tissue repair in dentistry since
1998"2) and the clinical application of PRP was recently
expanded to other fields, including cardiac surgery"*?’, oph-
thalmology'®, oral and maxillofacial surgery*>’, orthope-
dic surgery'®, plastic surgery" ""'®, sports medicine**” and
cosmetic medicine®®". For therapeutic purposes, PRP
extracted from WB through a single centrifugation 1s fre-
quently concentrated by a second centrifugation. The {first
centrifugation 1s slow to avoid spinning down the platelets,
whereas the second spin 1s fast, so the platelets are spun
down. In this study, we refer to this concentrated PRP by the
second spin as platelet-concentrated plasma (PCP) to dif-
ferentiate 1t from PRP.

Despite the increasing use of PRP or PCP therapeutically,
its reported clinical effects are quite variable®*®. In fact,
there is even a report that concludes that it is invalid“?.
Although many commercialized devices are now available
for the clinical preparation of PRP/PCP, there 1s no stan-
dardized protocol for PRP/PCP preparation. Moreover, there
have been surprisingly few scientific studies on how to
optimize the preparation of human PRP/PCP. For example,
there has not been a comprehensive study on how the
centrifugal force exerted on WB contained in common
laboratory ware aflects PRP/PCP wvield. There are many
reasons for a lack of such studies besides the obvious
difficulty of obtaining suthicient quantities of fresh human




US 10,456,500 B2

3

WB samples. One of the many reasons 1s the complexity of
blood coagulation (fibrin polymerisation) and platelet aggre-
gation. Since the precise and consistent control of fibrinogen
and platelets 1s very difhicult, well-designed studies are hard
to plan and implement. Another reason 1s that the evaluation
methods for the PRP/PCP products®**>’ have not been
consistent among previous studies. Finally blood compo-
nents and physical properties vary between patient samples,
making standardization dithcult.””

This introduction ends with the description of the goal of
the authors which 1s to publish a better standardized cen-
trifugation process to prepare PRP and PCP. This technique
1s complex, time consuming and must be carried out by the
doctor or his assistant. At the end of the process, there 1s no
guarantee that PRP will remain sterile, unless working in a
specific environment which 1s rarely available to the doctor
or his assistant. Because of the presence of platelets, a final
sterilization of PRP through filtration membranes 1s not
possible.

A. P. Sclafani, S. A Mc Cormick: 2011¢® introduce their
paper with the following statement:

““Since the time of Pare, modern surgical care has relied
on optimization of local tissue conditions to allow wounds
to heal unimpeded. With an improved understanding of the
cellects of local growth factors, surgeons have begun to
manipulate the wound environment to promote more rapid
and eflective healing. Isolated growth factors have been
applied with some success topically (becaplermin for dia-
betic foot ulcers and palifermin for radiation induced
mucositis), but platelet-rich plasma (PRP) has been pro-
moted 1n the last decade as a more natural and more potent
method of manipulating wound healing. However the pro-
cess can be time consuming and the results
equivocal® 2%

Then they describe their experience with PRFM (platelet-
rich fibrin matrix). PRFM must be prepared from PRP by the
surgeon or his assistant with a kit, under the trade name
“Selphyl”. A sterile manipulation from blood sampling to
the final injection 1s facilitated by the kit, but requires
rigorous attention. It takes half an hour. In the clinical use of
PRP, fibrinogen in the PRP frequently leads to uncontrol-
lable coagulation and platelet activation. Although fibrin gel
may be useful as a controlled-release carrier of growth
factors™®” or as a filler injectable®®”, the formed fibrin gel is
quickly degraded by the physiological fibrinolysis caused by
tissue plasminogen activators, at the origin of the release of
plasmin being responsible for the enzymatic cleavage of the
fibrin network. The globin implant 1s not sensitive to the
fibrinolysis reaction and 1s surprisingly more resistant than
any other blood protein to the local biodegradation, probably
because of its insoluble character and 1ts very high local
concentration. Also, the formed fibrin gel reduces the final
product volume, hinders the easy mjection of PRP, and 1s not
preferable 1n many clinical situations. In any case, activated
PRP or PRFM must be injected within few minutes to avoid
tull coagulation of the calctum containing plasma into the
syringe, limiting the time for injection or preventing injec-
tion even through large needles. Different kits are commer-
cially available and require the same obligations.

The reference papers cited above by Jun Araki et al:
(2012) and A. P. Sclafani, S. A Mc Cormick: (2011) are
believed to be representative of the state of the art for tissue
regeneration. All describe PRP or derived products for tissue
regeneration as the only used blood component for practical
use. PRP 1s a liquid and before its injection 1t must be
“activated” by addition of thrombin and/or calcium cations
(Ca™™) to generate a solid gel, in order to stick on the wound
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or/and delay the local diffusion of soluble growth factors and
other active soluble components. This solidification of PRP
1s made possible by activation of fibrinogen and other
coagulating factors present 1n plasma or PRP by thrombin
and/or Ca++ addition.

BRIEF SUMMARY OF TH.

INVENTION

(L]

The present invention proposes to provide new prepara-
tions which overcome these drawbacks and allow delivering
platelet derived factors 1n a more reliable way, in order to
improve the regeneration of tissues and the treatment of
wounds. A further aim of the present invention 1s to allow
such preparations to be completely autologous. Another aim
1s to provide such preparations which have an important
tissue filling or augmentation effect from the start. Still a
further aim of the present invention 1s to easily prepare
sterile preparations. A further aim 1s also to provide such
preparations which are easier to prepare, to store, and to
deliver. Finally another aim 1s to avoid any specific prepa-
ration by the doctor or his assistant.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

An object of the present invention 1s a new preparation
which can be administered to a patient, which comprises
serum, and preferably autologous serum, and globin being
insoluble at physiological pH. Said preparation i1s obtained
by adding said serum to said globin being insoluble at
physiological pH. The globin may be obtained from the
erythrocytes after their separation from the plasma or from
the serum.

Preferably this new preparation 1s a preparation for use in
a therapeutic method of regenerating tissue, including for
filling wrinkles, or other cutaneous flaws, and/or for aug-
mentation of tissues, including deficient sphincters, vocal
cords, periodontal tissues, plastic or cosmetic surgery for the
augmentation of lips, cheeks, or other body parts, alone or
in association or mixture with other augmentation materials,
and/or for healing of internal surgical wounds, of parts of
organs, ol chronic wounds of cutaneous tissues, including 1n
diabetic patients or patients aflected by arterial or venous
disorders which create poor local vascularization of the
limbs, or 1n patients affected by scars, and/or for aiding the
regeneration ol a granulation tissue on deep burn wounds
alter excision of the necrotic tissues.

While 1t 15 possible for the serum 1n said preparation to be
diluted 1n an aqueous vehicle or, on the contrary, more
concentrated with regard to the native serum, 1t 1s preferred
for the serum component in the preparation to be at a
concentration between 10% and 120% of the patient’s native
serum, and more preferably to be substantially at the same
concentration.

It 1s preferred for said preparation to be implantable,
which means that 1t can be administered 1n or on a tissue of
the patient in need thereof, by parenteral injection, or by
implantation, or by deposition on an open tissue, for
example a wound, and to remain present for substantial time.

In the present invention serum means the liquid part of a
blood sample, once clotted.

It 1s preferred that the globin 1s homologous globin, 1.e.
from the same species, and for humans it 1s even more
preferred that the globin 1s autologous globin, 1.e. prepared
from a blood sample of the same patient.
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In the most preferred embodiment, both components,
namely the serum and the globin, are obtained from the same
blood sample of the patient.

These implantable soluble or insoluble globin prepara-
tions are preferably 1n the form of pastes or gels, or solid
materials like powder, granules, dressings, or films, or even
shaped 1implants.

Although the respective volume proportions of globin to
serum can widely vary, 1t 1s preferred that, at least 1n pasty
or gel forms, the proportions of globin/serum (weight of
globin per weight of paste) 1s preferably of at least 14%,
more preferably at least 15%, and even more preferably at
least 18% and even 20%, while the pasty preparation can
still be delivered through the thinnest injection needles.

The preparations according to the present invention can
optionally comprise other components, including:

tissue filling or augmentation materials, for example

collagen, gelatin, cross-linked hyaluronic acid, syn-
thetic filler polymers, ceramic particles, hydroxy apa-
tite, bone particles. If such materials are present it 1s
preferred that their proportion i1s lower than the globin
proportion;

wound agents, including healing polymeric agents for

example oxidized cellulose;

adhesive agent selected among synthetic or natural adhe-

sive polymeric agents;

hemoglobin, preferably autologous hemoglobin;

other cell growth factors; and/or

cells, including stem cells, blasts, such as fibroblasts,

osteoblasts, chondroblasts, or difterentiated cells such
as fibrocytes, osteocytes, chondrocytes, adipocytes.

The cells can be cultured cells or 1solated cells, but 1t 1s
also possible to add to the preparation according to the
invention autologous tissues, for example bone tissues or fat
tissues obtaimned from the patient and treated as usual for
autografts, for example homogenized or comminuted.

Another object of the invention 1s a method for manufac-
turing a preparation according to the invention, comprising,
the steps of,

obtaining a whole blood without any anticoagulant agent

allowing said whole blood sample to clot,

separating the obtained serum from said clot,

optionally submitting an amount of said serum to a test for

infectious disease markers,

adding said serum to a preparation containing globin

being insoluble at physiological pH.

It 1s preferred that the serum i1s homologous serum, 1.¢.
obtained from blood of the same species as the animal to be
treated, and it 1s far more pretferred, especially for humans,
that the serum 1s autologous serum, 1.e. obtained from the
patient’s blood.

It 1s also preferred for the globin component to be
homologous globin and 1t 1s more preferred, especially for
humans, that the globin 1s autologous.

Preferably both serum and globin are homologous, more
preferably with the serum being autologous, and most pret-
erably for both serum and globin to be both autologous.

The globin component can be prepared, for example,
according to the methods disclosed in the U.S. Pat. Nos.
6,949,625, 7,709,017, 20090312239; 20120183501; which
are herein incorporated by reference and to which the person
skilled in the art may refer.

But 1t 1s preferred to prepare the globin component from
a blood clot, preferably an autologous blood clot.

Globin can also be obtained from erythrocytes after their
separation from the plasma of the blood.
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In one embodiment, the method comprises the following
steps,

first allowing the sterile whole blood, devoid of antico-

agulant agent, to clot,

withdrawing the serum

optionally washing the clot with physiological saline,

adding sterile water and stirring or otherwise homogeniz-

ing to dissociate the clot and release the hemoglobin,
clarifying the hemoglobin, for example by one centrifu-
gation step,

preferably oxidizing the hemoglobin to methemoglobin,

preferably by adding sodium nitrite,

extracting the heme part from the hemoglobin, by an

acetone containing agent, preferably at acidic pH,
separating the precipitated globin from the liquid, pret-
crably by a filtration step,

dissolving the precipitated globin under acidic pH 1n

sterile water,

adjusting the pH to neutral, which precipitates the globin,

optionally washing the precipitate,

recovering the pasty globin,

optionally drying the globin.

As the globin component of the preparation can easily be
obtained 1n a sterile form, just by preparing 1t in a sterile
environment, and the serum component can easily be sub-
mitted to a sterile filtration step, one can directly obtain a
sterile preparation, which 1s ready for use.

The pasty globin, or the dry globin powder can then be
mixed to the serum, to form a preparation according to the
invention, or they can be stored separately and mixed later.

According to the preferred embodiment of the invention,
this method for obtaining globin can use the same blood clot
from which the serum was separated, which allows to
prepare both serum and globin components from the same
whole blood, for example a 20 mL blood sample, from the
patient himself.

Another object of the present mvention 1s a method of
regenerating tissues, comprising the step of administering to
a patient 1n need thereol, an eflicient amount of a preparation
according to the present invention, 1n or on his tissue to be
regenerated.

Preferably said preparation 1s implanted in or on the
tissue.

In one embodiment this method 1s a method for filling
wrinkles, or other cutaneous flaws. One uses the preparation
in a pasty form able to be injected through the thinnest
injection needles, where the concentration of globin in the
preparation 1s preferably at least 12%, and more preferably
higher.

In another embodiment, the invention provides a method
for augmentation of tissues, for example deficient sphinc-
ters, periodontal tissues, or for plastic or cosmetic surgery,
for the augmentation of lips, cheeks, or other body parts,
alone or 1n association or mixture with other augmentation
matenals, for example autologous adipose tissue. In these
applications 1t 1s preferred to use the preparation in pasty
form, preferably by injection.

In another embodiment the invention provides a method
for healing of internal surgical wounds, of parts of organs,
of chronic wounds of cutaneous tissues, for example 1n
diabetic patients or patients aflected by arterial or venous
disorders which create poor local vascularization of the
limbs, or 1n patients aflected by scars.

In another embodiment the preparations can also be used
for aiding the regeneration of a granulation tissue on deep
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burn wounds after excision of the necrotic tissues. This step
1s 1mportant prior to the grafting of sheets of epithelium
cultivated 1n vitro

The present invention thus allows using autologous serum
and does not need to use autologous plasma derived prod-
ucts. The preparations according to the present ivention
secure a high content 1n growth factors, higher than plasma
derived products®"’, which may be decisive when it comes
to regenerative properties. It allows guaranteeing the steril-
ity of the final preparation in a simple way. A final steril-
ization of serum 1s made possible by membrane filtration,
because of the absence of platelets. Further the preparations
according to the invention can be stored for long time, due
to the excellent stability of the globin component and of the
serum component, contrary to platelets containing liquids or
fibrin based gels. Serum 1s stable for few days at +4° C. and
may be stored for several years in the frozen state, until
thawing 1t for 1ts final use.

Contrary to plasma, the serum alone cannot be solidified
any more, due to the absence of any active component of the
coagulation system. The serum 1s definitively a liquid which
would diffuse immediately out of the injection site. All
attempts to mix serum and collagen particles were not
successiul. Sterile collagen particles or gels do not swell 1n
a reasonable time, when mixed with serum at physiological
pH. The resulting mixture, even atter hours of incubation 1s
not homogeneous and cannot be injected with reasonable
needle sizes. Other hydrophilic polymers like hyaluronic
acid based particles or gels may swell 1n contact with serum.
However their use for tissue regeneration 1s not preferred
because their electronegative properties repulse cells which
cannot attach, grow and differentiate to recreate a new
tissue®?. Surprisingly mixing the autologous serum with
insoluble globin powder makes possible to prepare very high
concentrations of paste, from 15 to 20 percent (weight of
globin per weight of paste). Such high concentrations of
globin, equal to or above 15%, cannot be prepared according
to the U.S. Pat. No. 6,949,625 of Tayot, and 1n any case
could not been reliably 1injected through thin hypodermic (30
g) needles. This new mixture of serum and globin between
15 to 20 percent (“seroglobin™) can be prepared in sterile
conditions under a laminar air flow. It can also be distributed
in syringes which can be stored 1n a freezer and then thawed
later on, even after years, before use. The doctor or surgeon
may use them immediately without any intermediate task.
Surprisingly, even after freezing and thawing, the seroglobin
paste 1s easily injected through the thinnest hypodermic
needles despite its high concentration and may be used as
dermal filler or in regenerative medicine applications.

Further the present invention allows keeping the “autolo-
gous” status of the final mixture of serum with 1ts additive.
Autologous means that all components of the injectable
material come from the patient himself, without any foreign
additive. This 1s very important for safety considerations, for
acceptance by the patient and also for facilitating the regu-
latory approval of this new biomatenial. Serum for instance
1s the natural liguid product easily separated from the
coagulated blood, without any additive. On the contrary
PRP, which 1s also autologous, must be mixed with calcium
salts or/and thrombin, foreign to the patient, before being
used. So, the PRP derntved product which 1s injected 1s not
entirely autologous 1n this respect and this may create more
complex problems for its regulatory approval. It was found
that globin 1s the only additive which can be prepared from
the blood of the same patient to confer highly viscous
properties to the resulting mixture with serum. No 1impuri-
ties, no other component than globin 1s present 1n the globin
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powder. So, the globin powder may really be considered as
an autologous product, when 1t 1s prepared from the blood of
the patient himself. This 1s exemplified 1n example 2 n
which serum 1s prepared from a first blood sample and
globin 1s prepared from a second blood sample.

According to a preferred embodiment of the same present
invention 1t 1s also surprisingly possible to mix the serum
from the patient with the globin prepared from an unrelated
donor. Contrary to serum which contains undesirable anti-
bodies for recipients of another blood type, globin does not
contain antibodies or infectious agents and may be used
sately on other recipients.

In another aspect of our invention we have discovered that
we can prepare the serum and the globin from the same
coagulated blood sample. So far, all processes to prepare
globin started from blood collected with anticoagulant addi-
tives, like sodium citrate, EDTA or heparin. This was known
as the easiest way to separate the red cells from plasma by
centrifugation steps and then preparing purified hemoglobin
by hemolysis of red cells 1n water. Surprisingly, 1t 1s possible
to prepare globin of high purity starting from the clot of
blood cells and fibrin which may also contain other blood
proteins. In such a case, the serum 1s directly available from
the supernatant fraction of the coagulated blood. The globin
may then be extracted from the red clot after washing 1t by
a saline solution. An example of this method i1s disclosed 1n
Example 3. At the end of the process, the respective quan-
tities of serum and globin powder prepared from one single
blood sample enable to prepare the right concentration of the
“seroglobin” paste equal to or above 15%. This 1s an
important advantage for the patient, because it allows divid-
ing the quantity of blood drawn from the patient by a two
fold factor, for example 20 mL instead of 40 mL as shown
in examples 2 and 3.

BRIEF DESCRIPTION OF THE DRAWING
FIGURE

The following examples illustrate, 11 a non limiting
manner, embodiments of the invention, in relation with the
drawing comprising:

FIG. 1: a photograph of a SDS PAGE electrophoresis of
globin prepared from a blood clot.

FIG. 2: Photomicrograph n°1. At the hypodermis inter-
face, there were active signs of fibroplasia of moderate grade
with infiltrating phagocytes (macrophages and giant cells)
and fibroblasts cells of slight grade. (Masson’s Trichrome
staining, Globin becomes red).

FIG. 3: Photomicrograph n°2. There were areas of the
article material 1n direct contact with the native dermal
collagen showing absence of tissue response. This last
feature translated a perfect local tolerance of the article.
(Masson’s Trichrome staining, Globin becomes red).

FIG. 4: Photomicrograph n®°3. Collagen deposits were
noted within the material with signs of collagen type III and
predominant collagen type I deposits. No evidence of fibro-
s1s was noted at this stage. (Picrosirius Red staiming for
histomorphometric quantification of the collagen matrix)

FIG. 5: Photomicrograph n°4. Neovessels of moderate
grade were formed within the newly formed tissue surround-
ing and growing within the article. (Staining of alpha
Smooth Muscle Actin, a vascular marker).

EXAMPLE 1. PREPARATION OF
AUTOLOGOUS SERUM FROM COAGULATED
BLOOD

mlL of human blood are drawn from a patient by venous
puncture and collected 1n five dry Vacutainer® tubes without
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any anticoagulant agent. The tubes are stored at room
temperature for 30 minutes until coagulation of the blood

and are then stored at +4° C. After one day or more, pour the
content of all blood tubes into a 100 mL pot. Collect the
serum with a 25 mL sterile pipette and introduce 1t 1into a 20
mL luer syringe. Connect the 20 mL syringe to a sterile
syringe filter equipped with a 0.2 um membrane. Filter the
serum solution and collect around 11 mL of sterile serum
into another 20 mL sterile syringe. Close the serum syringe
with 1ts cap and store 1t momentarily at +4° C. until 1ts use.

EXAMPLE 2: PREPARATION OF

AUTOLOGOUS HUMAN GLOBIN POWDER
FROM ANOTHER BLOOD SAMPLE OF THE
SAME PATTENT

20 mL of human blood are drawn from a patient by
venous puncture and collected i five EDTA or citrate
containing Vacutainer® tubes. The tubes are then kept at +4°
C. and may be stored for two weeks. The blood 1s introduced
into two 50 mL centrifugation buckets and diluted waith
physiological saline solution. After centrifugation at 2000
rpm for 3 minutes, the supernatant plasma 1s rejected and
replaced by new saline solution. After two washings, red cell
pellets are gathered and completed with 30 mL of water to
induce the hemolysis. Complete the hemolysis during 5
minutes. Transfer the hemoglobin suspension into one cen-
trifugation bucket. Clarity the hemoglobin solution by one
centrifugation step at 3000 rpm for 10 mn at +20° C. 0.9 mL
of 1M glycine and then 0.45 mL of 1M sodium nitrite are
added to the clarified hemoglobin solution. After oxidation
of the hemoglobin to methemoglobin, the red colour of
hemoglobin turns black. The solution of oxidized blood 1s
then added drop by drop, with vigorous stirring, to 500 ml
ol acetone containing 5 mL of 12N concentrated hydrochlo-
ric acid. The black pigment of the heme 1s extracted in
acetone, while the whitish globin 1s immediately precipi-
tated with all residual blood proteins. The suspension 1s then
filtered through a rectangular textile filtration membrane
having a porosity of about 1 micron, which 1s rolled up along,
its length to form a tube, the two sides of which are bonded
together (for example: tubes having an 1nside diameter of 20
mm, bonded by ultrasound, made of SEFAR NITEX 03-1/1
tabric. One end of the tube 1s connected to a funnel for
introducing the suspension to be filtered, while the other end
1s closed off by a clip. The globin precipitate accumulates 1n
the tube, while the pigmented acetone solution 1s readily
filtered and can be removed 1nto a retention container before
being evacuated for recycling of the acetone. At the end of
the filtration, the acid precipitate 1s resuspended 1n 200 ml of
acetone and then filtered again through the same tube 1n
order to remove residual traces of pigments. The acid globin
precipitate 1s then dissolved i 100 mL of distilled sterile
water, and the solution 1s filtered through sterile 0.45 um
or/and 0.2 um porous membranes. The acidic pH (=2.5) 1s
adjusted at a neutral value (pH 7.0+£0.2) by addition of
NaOH 1N. The globin precipitates heavily, while any other
residual protein remains soluble in the supernatant. The
neutral precipitate of purified globin 1s washed on the same
filtration mesh as before. Finally the insoluble globin paste
1s washed by acetone to remove 1ts water content and then
dried by an air flow or under vacuum to prepare a neutral
insoluble globin powder. The globin powder weighs 2.05
grams and 1s distributed in 5 mL luer syringes (500 mg per
syringe). The residual quantity of powder 1s used to test its
sterility by 1noculation nto a culture medium. This powder
may be directly sterile if prepared under a laminar air tlow.
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If necessary, the mnsoluble globin powder may be sterilized
by beta or gamma 1rradiation at a dose of 5 to 30 kGray.

EXAMPLE 3: PREPARATION OF
AUTOLOGOUS HUMAN GLOBIN POWDER

FROM THE SAME COAGULATED BLOOD
USED FOR SERUM PREPARATION

The example 1 1s continued by the following operations,
which means that no other blood sample 1s required, con-
trary to the example 2. The blood clots left after serum
removal are washed by a sterile physiological saline solution
(9 g/LL NaCl solution). Incubate for 2 mn with gentle
agitation and remove the washing saline with a pipette. Fill
the pot again with saline and repeat the same operation 3
times. Introduce the clots into one 30 mL syringe. Fill the
syringe with about 20 mL sterile water. Dissociate the clots
and homogenize the content of the syringe by transier of 1ts
content into another 30 mlL syringe through a coupler.
Complete the hemolysis during 5 minutes and proceed
exactly as 1n the example 2.

Finally the insoluble globin paste 1s also washed by
acetone to remove 1ts water content and then dried by an air
flow or under vacuum to prepare a neutral insoluble globin
powder. The globin powder weighs 2.15 grams and 1s
distributed 1n 5 mL luer syringes (500 mg per syringe). The
residual quantity of powder 1s used to test its sterility by
inoculation into a culture medium. This powder may be
directly sterile 1f prepared under a sterile laminar air flow. If
necessary, the insoluble globin powder may be sterilized by
beta or gamma irradiation at a dose of 5 to 30 kGray. The
purity of the globin powders prepared by examples 2 and 3
was compared by SDS PAGE electrophoresis. Both prepa-
rations give the same profile, showing the 16 kd monomers,
some 32 kd dimers and no visible impurities (see photo 1).
Surprisingly, we may conclude that despite the fact that
globin of example 3 was prepared from a blood clot, 1ts
purity was equal to the purity of the globin of example 2
prepared from a more purified hemoglobin solution.

EXAMPLE 4: MIXING THE AUTOLOGOUS

SERUM AND THE AUTOLOGOUS GLOBIN

POWDER FROM THE SAME PATIENT TO
PREPARE THE FINAL “SEROGLOBIN” PAST.

T

It 1s preferred, when mixing a powder with a liquid to
evacuate the air contained in the powder. If there 1s some
pressurized air incorporated within the paste, 1t may create
spontaneous evacuation of the paste when opening the
syringe, creating difliculties for adapting the needle and
making the sterile injection impossible or at least question-
able. A sterile three way luer stopcock (Cole Parmer refer-
ence: #5-31200-80) may be used to evacuate the air from the
powder. A standard stopcock may also be used with the same
sequence ol operations. The three ways stopcock allows to
manually connect two ways and to close the third one 1n the
three possible combinations. One 5 mL syringe of examples
2 or 3, containing 500 mg of globin powder 1s linked to the
luer adaptor of one way of the stopcock, under a sterile
laminar air flow. The serum contaiming syringe 1s linked to
the opposite channel and any air bubble 1n the stopcock 1s
climinated by evacuating one drop of serum through the
perpendicular channel. One 30 mL sterile empty syringe 1s
linked to the perpendicular channel. The evacuation of the
air contained 1n the powder syringe 1s made possible by
pulling the piston of the 30 mL syringe which creates a
satisfactory vacuum around the powder particles. The con-
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nection 1s then immediately established between the powder
and the serum. The serum 1s aspirated in the powder and fills
all the space visible under the piston. No pressurized air 1s
introduced 1n the syringe. All the globin paste remains 1n the
syringe when it 1s opened. The luer connection remains
clean, without exit of material from the syringe. The paste
may then be reconstituted and homogenized after direct
connection of the syringe containing the residual serum and
of the syringe containing the powder. The homogenization
of the resulting paste 1s done by 10 transiers of the content
of one syringe in the other, back and forth. Then a small bore
(0.2 mm) connector enables us to check that the final paste
1s easily injectable through very thin 30 g hypodermic
needles.

The same volume of serum or physiological saline was
tested for mixing with 500 mg of powder. With 2.5 mL of
serum, the final concentration of globin in the paste was
16.7% w/w (500 mg/2500 mg+3500 mg). Its 1njection
through a 30 g needle was followed with a dynamometer.
The pressure needed for injection of the paste was constant
and less than 25 newtons. With the same volume of saline:
2.5 mL, the resulting paste was diflicult to homogenize and
was not 1njectable through a 30 g needle. The addition of 3.5
mL of saline (instead of 2.5 mL) to 500 mg of globin powder
gave a 12.5% w/w (500 mg/3500 mg+500 mg) concentration
of globin 1n the paste. In this case, the pressure recorded for
injection through a 30 g needle was satisfactory and less than
25 newtons.

The serum and globin mixture of all 5 mL syringes of the
batch are gathered 1n a 20 mL syringe. The global paste 1s
homogenized and then distributed 1n 1 mL BD syringes (0.8
ml per syringe) which are stored frozen at —-20° C., until
injection to the patient. A mean of 16 identical syringes of
“seroglobin” may be prepared either from a 40 mL blood
sample as 1n example 2, or from only one 20 mL coagulated
blood sample as 1 example 3. After thawing of 1 mL
syringes at room temperature, the seroglobin paste 1s still
injectable in the same conditions as the initial paste. Apart
the spontanecous thawing of the syringes, no intermediate
operation, 1s requested from the doctor.

L1

EXAMPLE 5: PREFERRED SEQUENCE OF TH
OPERAITONS TO PREPARE SYRINGES OF

AUTOLOGOUS “SEROGLOBIN™ AND ITS
MEDICAL APPLICATIONS

The patient 1s advised by the doctor to donate 20 mL of
autologous blood 1n a specific diagnostic laboratory.

The blood 1s drawn into dry tubes without anticoagulant
agent, specifically labelled, incubated for 30 minutes at
room temperature and sent 1n a package reifrigerated at +4°
C., to a specific manufacturing laboratory. The blood tubes
may be stored at +4° C. for one or two weeks 1f necessary.

An additional sample of serum 1s tested for all required
viral markers to eliminate the corresponding blood samples
and propose another alternative to the patient.

The coagulated blood 1s preferably processed according to
the examples 1 and 3.

The autologous globin powder and autologous serum
prepared from 20 mL of coagulated blood are then mixed
according to the example 4 to prepare about 16 syringes
containing 0.8 mL of paste per syringe. The concentration of
globin 1n the paste may vary from 12 to 20% (w/w).

All syringes from one patient are individually labelled,
packaged 1n labelled sterile pouches which are gathered 1n a
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large labelled pouch. The whole lot 1s then frozen at —20° C.,
for a maximum of five years. One syringe of each lot 1s

controlled for sterility.

The syringes mventory i1s accessible to each patient and
his doctor through a secure and personal mternet access.

Upon request of the doctor, the right number of syringes
1s shipped at +4° C. and should be injected within few days
(less than one week at +4° C.)

Similar syringes can be made by mixing globin powder
from an unrelated blood donor with the autologous serum
from the patient to be treated.

The main 1indications of seroglobin are the correction of
skin folds and wrinkles by repeated injections, the augmen-
tation of soit tissues like lips, cheeks, breast, muscles, and
the healing of acute and chronic wounds.

The seroglobin can be mixed with cells like fibroblasts,
keratinocytes, chondrocytes, osteoblasts, adipocytes, stem
cells, tissular extracts like adipose tissue from liposuction, or
bone fragments to improve their survival before and after
implantation.

EXAMPLE 6: IN VIVO DEMONSTRAITTON OF
THE REGENERATIVE PROPERTIES OF THE
AUTOLOGOUS SEROGLOBIN INTRADERMAL
IMPLANT IN THE SAME HUMAN DONOR

1

2 grams of autologous globin powder were mixed with 10
ml. of autologous serum, both prepared from 20 mL of
coagulated blood according to the example 4. The final
volume of autologous seroglobin paste was 14 mL. Samples
were used for the quality controls of sterility and injectabil-
ity. The 14 residual BD Luer Lok 1 mlL syringes, each
containing 0.8 mL of paste per syringe, were stored frozen
at —=20° C., on Mar. 26, 2013. The globin concentration of the
paste was 16.6% (w/w). One syringe of this lot was left at
room temperature for 30 mn. Three injections with this
syringe, each of 0.2 mL, were performed intradermally with
a 30 g needle, on the upper part of the left arm of the subject.
Series of photographs were taken immediately and after 1,
2,3,7,16, 23, 30, 40, 51 and 38 days. A first biopsy was
taken by a surgeon after 30 days. A second biopsy was taken
alfter 58 days. The two biopsies were received by the
subcontracting specialized company 1 10% (w/v) neutral
buflered formalin solution, 24 hours following sampling.
Macrophotographs were performed before preparation.
After fixation, each individual biopsy was longitudinally cut
in two equal parts. The two biopsy parts were dehydrated 1n
alcohol solutions of increasing concentration, cleared in
xylene and embedded in paraihin blocks. One of the block
was stored for further analysis and the other one was
microtomed (5 um section thickness+/-0.5 um). Four serial
sections were prepared using a microtome (MICROM®,
France):

One section was stained with Masson’s Trichrome for
general morphology and extracellular matrix evaluation.

One section was stained with Safranin-Hematoxylin-Eo-
sin for analysis of the imflammatory reaction.

One section was stained with Picrosirius Red for histo-
morphometric quantification of the collagen matrix.

One section was used for the immunohistochemistry
(IHC) determination of the alpha-SMA vascular marker.

The sections were evaluated using a Nikon Eclipse 801
microscope litted with x2, x10, x20 and x40 objectives
coupled with a digital camera Nikon. A semi-quantitative
evaluation of the local eflects was performed using a 0-4
grading scale, mvolving evaluation of the inflammatory
reaction (polymorphonuclear cells PMNs, lymphocytes,
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plasma cells, macrophages and giant cells/osteoclasts),
fibrin, necrosis, neovessels, degradation and material debris.

Photomicrographs were taken of the areas of interest.
Digitization of the whole sections was also performed.

The sections were evaluated using a color 1mages ana-
lyzing system. The histomorphometric regions of interest
included the implant material and the new collagen matrix
formed around and within each maternal residue. Quantita-
tive histomorphometric analysis was performed to deter-
mine the amount of residual implant surface area, the total
of collagen content and the ratio collagen I/collagen III.

The following paragraph 1s a copy taken from the oflicial
report of the tests carried out by this independent company.

“““The skin biopsy taken after two months of implantation
showed a massive presence of the test article fragmented 1n
three closed portions, well integrated into the surrounding
intradermal tissue. One of the material portions was placed
at the hypodermis interface. At the hypodermis interface,
there were active signs of fibroplasia of moderate grade with
infiltrating phagocytes (macrophages and giant cells) and
fibroblasts cells of slight grade (photomicrograph n°1). The
remaining surface of the article maternial showed similar
tissue response at a shightly lower extent. The signs of
remodelling were more 1ntense at the hypodermis interface.
There were areas of the article material 1n direct contact with
the native dermal collagen showing absence of tissue
response (photomicrograph n°2). This last feature translated
a periect local tolerance of the article. Collagen deposits
were noted within the material with signs of collagen type 111
and predominant collagen type I deposits (photomicrograph
n°3). No evidence of {fibrosis was noted at this stage.
Neovessels of moderate grade were formed within the newly
formed tissue surrounding and growing within the article
(photomicrograph n°4).

To our knowledge and contrary to the seroglobin material
herein characterized, no other material was ever described to
be so well tolerated, without any inflammatory reaction and
capable at the same time to induce local tissue regeneration

by cell migration and colonization.

EXAMPLE 7: MAIN THERAPEUTIC
INDICATIONS FOR USE OF THE
SEROGLOBIN MIXTURE

This new preparation 1s a preparation for use, preferably
by 1njection, 1n a therapeutic method of regenerating tissue,
including for filling wrinkles, or other cutaneous tlaws, for
the augmentation of lips, cheeks, or other body parts, alone
or 1n association or mixture with other augmentation mate-
rials, and/or for augmentation of tissues, mncluding deficient
sphincters, vocal cords, periodontal tissues. It may also be
used for healing of internal surgical wounds, of parts of
organs, ol chronic wounds of cutaneous tissues, including 1n
diabetic patients or patients aflected by arterial or venous
disorders which create poor local vascularization of the
limbs, or 1n patients affected by scars, and/or for aiding the
regeneration of a granulation tissue on deep burn wounds
after excision of the necrotic tissues. For wound care, the
seroglobin may be used directly as a powder, or as a paste,
or 1n association with sheets, textiles, porous or not. It may
also be used 1n association with porous meshes. All the
associated materials should preferably be bioresorbable to
avoid taking them off from the wound, 1f necessary, after 1ts
partial or complete healing.
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The mvention claimed 1s:

1. A method for preparing a paste containing 14 to 20%
per weight of globin and being mjectable through a thin 30
g hypodermic needle for regenerating tissues or healing
wounds, which can be administered to a patient, consisting
of:

a) obtaining a whole blood without any anticoagulant

agent from a patient,

b) allowing said whole blood sample to clot,

¢) separating the obtained serum from said clot,

d) obtaining, from erythrocytes of a blood sample of said
patient, after their separation from the plasma or the
serum of said sample, an autologous preparation of
globin being 1nsoluble at physiological pH, and

¢) mixing quantities of said serum and said autologous
preparation of globin being insoluble at physiological
pH to obtain a paste containing from 14% to 20% per
weight of globin and being injectable through a thin 30
g hypodermic needle.

2. The method according to claim 1 wherein said obtained
serum and said globin are obtained from the same blood
sample of said patient.

3. The method according to claim 1 wherein the paste
contains from 15 to 20% per weight of globin.

4. A method for preparing a preparation for regenerating,
tissues or healing wounds, which can be admimstered to a
patient, consisting ol obtaining a whole blood without any
anticoagulant agent from a patient,

a) allowing said whole blood sample to clot;

b) separating the obtained serum from said clot;

¢) obtaining, from erythrocytes of a blood sample of said
patient, after their separation from the plasma or the
serum ol said sample, an autologous preparation of
globin being insoluble at physiological pH;

d) mixing said serum and said preparation containing
globin being msoluble at physiological pH, to obtain a
paste containing at least 14% per weight of globin,
wherein said paste 1s injectable through a thin 30 g
hypodermic needle;

and ¢) mixing said paste with a tissue augmentation
material being cross-linked hyaluronic acid.

5. A method for preparing a preparation for regenerating,
tissues or healing wounds, which can be adminmistered to a
patient, consisting of:

a) obtamning a whole blood without any anticoagulant

agent from a patient;

b) allowing said whole blood sample to clot;

¢) separating the obtained serum from said clot;

d) obtaining, from erythrocytes of a blood sample of said
patient, after their separation from the plasma or the
serum of said sample, an autologous preparation of
globin being 1nsoluble at physiological pH;

¢) mixing quantities of said serum and of said preparation
containing globin being nsoluble at physiological pH
to obtain a paste containing from 14% to 20% per
weight of globin, wherein said paste 1s 1njectable
through a thin 30 g hypodermic needle; and

1) mixing said paste with a component selected from the
group consisting of a tissue filling or augmentation
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material, a wound healing agent, an adhesive agent
selected from the group consisting of synthetic or
natural adhesive polymeric agents, hemoglobin and a
cell growth factor.

6. A method for preparing a preparation for regenerating 5
tissues or healing wounds which can be administered to a
patient, consisting of;

a) obtaiming a whole blood without any anticoagulant

agent from a patient,

b) allowing said whole blood sample to clot, 10

c) separating the obtained serum from said clot, and

d) mixing quantities of said serum and of a preparation

containing homologous globin being insoluble at
physiological pH to obtain a paste containing from 14%

to 20% per weight of globin, wherein said paste 1s 15
injectable through a thin 30 g hypodermic needle.
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